The occurrence of antibodies of different molecular size in man and experimental animals has long been known (1) . In recent years increasing attention has been focused on the group with high molecular weight (19S), which includes not only a number of well defined antibodies but, in addition, certain substances with similar electrophoretic and ultracentrifugal characteristics that are not firmly established as antibodies. Both groups have been discussed by Kunkel, Fudenberg and Ovary (2, 3) .
Although numerous immunoglobulins in human serum are found either in the 7S or 19S class of y-globulins, certain antibody activities are found in both classes. Among these are the isoagglutinins (3), Wassermann antibodies (4) , and lupus factors (5) . In addition, antibodies to typhoid H antigen have recently been found in both the 7S and the 19S fractions in the sera of neonatal infants and adults (6, 7) .
In the course of an investigation of the immune response to typhoid and paratyphoid antigens (8) in patients with a variety of diseases, it was observed that the individuals tested could be placed in one of three categories with respect to the size of the antibodies produced. One group produced only the 7S type; a second, only the 19S type; and a third, a mixture of the two. This distribution is similar to that found for saline anti-A isoagglutinins in different individuals (3) . This studv was undertaken to elucidate the factors governing the formation of one or the other type of antibody and the interrelationship, if any, of the two types.
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MATERIALS AND METHODS
Most of the individuals were immunized by three inj ections at weekly intervals of mixed typhoid and paratyphoid vaccine (Lederle), some of 0.5 ml intramuscularly, and others of 0.1 ml intradermally. Blood was drawn 1 week after the last injection, allowed to clot at 370 C, and the serum collected and stored in a freezer until ready for fractionation and testing.
Five ml of serum was dialyzed against 3L of 0.01 M Na2HPO4, pH 8.5 to 9.0, for 2 days before chromatographic fractionation. Chromatographic separation was carried out on diethylaminoethyl (DEAE)-cellulose columns as described previously (9) . The fractions comprising each peak were pooled and tested for antibodies to typhoid 0, typhoid H, and paratyphoids A and B by standard agglutination procedures (10) . Antibody activities associated with the first (pH 7.0, 0.01 M) and the last (pH 5.0, 0.3 M) chromatographic peaks were considered to contain 7S and 19S -y-globulins, respectively, on the basis of the behavior of these proteins on DEAE-cellulose (9, 11, 12) . Although the first, or 7S, peak contains no 19S globulins, the last peak is contaminated by 7S protein, which could account for part of the antibody titers associated with this fraction. The results of treatment with mercaptoethanol indicate, however, that virtually all of the activity of the pH 5 peak is in the 19S fraction.
The effect of 2-mercaptoethanol (ME) on agglutinin activity was tested at a number of concentrations and at different temperatures and times. The following procedure was finally adopted. Isotonic saline-phosphate buffer, pH 7.0, containing 0.05 M 2-ME was prepared. All dilutions of sera and chromatographic fractions for testing were carried out in this buffer. The suspensions of test organisms were also diluted 1:10 in the same buffer. Agglutination tests without ME were carried out simultaneously.
Some subj ects were given booster inj ections of the mixed vaccine 3 to 15 months after the initial series. In these cases blood was obtained before administration of the antigen, as well as 1 week later.
RESULTS
The chromatographic pattern of the serum from a normal individual obtained 1 of three weekly intramuscular injections of 0.5 ml of mixed typhoid-paratyphoid vaccine is shown in Figure 1 . Essentially all of the agglutinin activity for each of the antigens was found in the pooled 19S-containing fraction (peak 4). The distribution of antibody activity seen in Figure 1 represents one of three types seen in an initial survey of different individuals. The distribution of titers in three characteristic subjects is shown in Table  I In order to investigate the causes of the heterogeneity of antibody size seen in Table I , a group of subjects was immunized under different conditions and by different routes. In 9 normal individuals and 21 patients with a variety of diseases who were immunized for the first time, the antibodies produced 1 week after the last of three intramuscular or intradermal injections were predominantly of the 19S class (Table II) . There was no history of typhoid or paratyphoid fever in these subjects. The titers in Table II indicate that, while high titers of 19S antibodies against all four antigens were present, little 7S antibody was produced in the 1-month period after start of immunization.
In all of these, no qualitative difference was observed between subjects immunized by different routes (i.m. or i.d.). The preponderance of 19S antibody at this stage of immunization has also been observed in the neonatal infant (6, 7) . It should also be pointed out that the antibodies to typhoid 0 have been consistently of the 19S type, whereas considerable variability in the distribution of the other three antibodies has been observed, as noted above.
Thirty-two subjects, 11 normal and 21 with a variety of disorders, were investigated to determine the effect of previous immunization or exposure on the size of the antibody produced. In these subjects booster injections, intramuscular or intradermal, were given 1 or more years after the initial immunization. Sera from these subjects were collected 1 week after the booster injections.
The results (Table III) indicate that the antibodies produced in this group in response to boosters given long after initial immunization were predominantly of the 7S variety for typhoid H and paratyphoid A and B antigens. Again, the anti-O activity was confined to the 19S fraction. The data shown in Tables II and III for typhoid H and paratyphoid A and B antigens suggested that the three different patterns of antibody distribution illustrated in Table I represented different stages of immunization in which macroglobulin antibody initially produced was in time followed by 7S antibody. In no subject (Table II) was the 7S antibody titer higher than the 19S at the end of 1 month. It was of considerable interest, therefore, to determine whether this sequence of events could be demonstrated and the time intervals determined. In Table IV are shown the results obtained in six normal subjects at 1 and 4 to 6 months after initial immunization. Samples drawn before and after a booster injection given at 4 to 6 months show the change in the character of the response from that observed after initial immunization. It is seen that 7S antibody appeared in significantly higher concentration in response to the secondary or "booster" immunization, while there was no significant rise in the amount of 19S fraction. For purposes of comparison, a similar study was conducted in six hospitalized patients over the same time period with similar results. It is noteworthy, in both the normal individuals and in the patient group, that while high titers of the 19S agglutinins were still present after the 4 to 6 months' booster, they were, in all cases, smaller than those present 1 month after immunization.
In a group of premature infants (7), there was almost a complete transition of 19S to 7S antibody within a 3-month period after initial immunization. Other differences have been reported by Smith, Eitzman and Miller (6) .
Effect of treatment zith 2-mercaptoethanol. The susceptibility of some 19S macrogammaglobulins to degradation by sulfhydryl compounds such as 2-mercaptoethanol has been well documented (3, (13) (14) (15) (16) (17) (18) (19) . Sera from nine adults obtained immediately after initial immunization with the typhoid-paratyphoid antigens were tested, therefore, after treatment with this compound. The results obtained before and after treatment with ME are compared in Table V . It is seen that the agglutinating activity of the macroglobulin antibodies tested decreased markedly after treatment with ME. Where 7S antibodies were present, the titers were not significantly affected by this treatment.
DISCUSSION
Changes in the physical properties of antibodies during the course of immunization have been observed in the past (20) (21) (22) (23) (24) (25) . Of particular interest has been the evidence (21-27) that rabbit antibodies, produced early after immunization with sheep erythrocytes, are associated with y-globulins of greater electrophoretic mobility than are those produced later in the course of immunization. It was also shown in these investigations that soon after immunization the antibodies were of the 19S type, and those formed later fell into the 7S category (26) . These observations recently have been confirmed and extended by Bauer and Stavitsky for a number of antigens in the rabbit (28) .
In the present studies, antibodies directed against typhoid-paratyphoid antigens appear to be of the 19S variety early after immunization, with additional 7S-type antibodies to the H, A, and B antigens appearing in higher concentrations in adult humans after 4 to 6 months have elapsed.
This observation is based upon the chromatographic properties of the agglutinins found in sera obtained at various times after immunization of 1) individuals followed serially and 2) groups of individuals examined at specific times after immunization.
Supporting to the typhoid H and paratyphoid A and B antigens, but this sequence did not occur with typhoid o antigen. In the latter case, the agglutinins formed at the outset, as well as those in patients followed for more than 2 years, were entirely of the 19S variety. In no serum of more than 150 individuals studied was any 7S agglutinin to typhoid 0 found. Moreover, in individuals given booster injections of typhoid-paratyphoid vaccine more than 15 years after initial immunization, typhoid 0 agglutinins were entirely in the 19S fraction, whereas the other antibodies tested were found chiefly among the 7S y-globulins. The underlying reasons for the phenomena described above are not understood. One of the fundamental questions is why some antigens elicit the formation of only 19S antibodies, while others, either directly or after the elaboration of a 19S type of antibody, result in 7S antibody formation. Of the known antibodies that remain macroglobulins, most appear to be formed in response to particulate antigens with a relatively high carbohydrate content, e.g., typhoid 0 antibody, red cell isoagglutinins, and heterophile antibody. The agglutinins tested in these experiments, including typhoid 0 antibody, were also elicited by administration of a series of particulate antigens. It is not clear whether the 19S and 7S antibodies produced against paratyphoid B, for example, arise in response to different antigens, or whether two separate and distinct antibody-forming processes involving different cell populations (reacting with the same or different antigens) are involved. The evidence from these and companion studies on premature infants (7) suggests that the latter possibility may obtain. In these studies, initial immunization resulted in formation of 19S antibodies with little or no 7S antibodies, and secondary immunization was followed by formation of predominantly 7S antibody. In most, while the secondary response consisted, as far as could be detected, essentially of the formation of 7S antibody, there was usually demonstrable 19S activity. The final distribution of antibodies may be governed by factors similar to those that determine the types of saline isoagglutinins in adult humans (3) .
In contrast, the production of 7S agglutinins following the 19S variety was considerably more rapid in newborn infants, especially after booster immunization. At a point 4 to 6 months after initial immunization, the antibodies in a group of adults were still predominantly in the 19S fraction (Table IV) , whereas the same agglutinins were found chiefly in the 7S fraction in infants at the same time. Older infants showed an adult-type response. The underlying reasons for the differences between the newborn and the adult are unclear. A possible explanation is discussed elsewhere (7).
The results obtained in these studies with antibodies to the 0 antigens confirm the previous description of these antibodies as members of the 19S class of globulins (31) . On the other hand our data suggest that previous reports, indicating that typhoid H antibodies are 7S proteins (5, 32) 2) After booster injection of subjects immunized at some time in the past, antibodies to typhoid H and paratyphoids A and B are found predominantly in the low molecular weight (7S) fraction.
3) Typhoid 0 agglutinins have been found exclusively in the 19S fraction, and no change in the size of these antibodies occurs with time.
4) The change in the typhoid H and paratyphoid A and B antibodies from 19S to predominantly 7S type in adults requires more than 6 months, and few subjects show complete change. In most subjects, 19S agglutinins are present even 1 to 2 years after initial immunization, although 7S antibodies predominate.
